Nineteen volunteers breathed 100% oxygen for lOmin and then for a further 5min at a restricted lung volume. Residual volume (RV) was shown to be significantly decreased by 120 ml when compared with control values breathing air. Functional residual capacity (FRC) also was decreased significantly by this manoeuvre. Other measurements indicated that the volume of FRC minus the closing capacity (CC) (FRC -CC) was not of importance in the development of the reduction in RV. It is postulated that such decreases in alveolar volume may contribute to postoperative hypoxia and morbidity.
In 1978 Nunn and colleagues demonstrated that breathing 100% oxygen for lOmin at normal lung volume followed by 5 min breathing oxygen at a very restricted lung volume (approaching residual volume) led, in most subjects, to a decrease in functional residual capacity (FRC), a decrease in arterial oxygen tension and radiological evidence of basal collapse. Such alveolar collapse has been noted following oxygen breathing at low lung volumes (Nunn et al., 1965; Burger and Macklem, 1966; Du Bois et al., 1966; Prys-Roberts et al., 1967) or at higĥ -forces (Ernsting, 1960; Langdon and Reynolds, 1961; Green, 1967) . Other authors have also reported decreases in FRC with 100% oxygen breathing (Rahn and Farhi, 1963; Dery et al., 1965; Garfinkel and Fitzgerald, 1978) and the reason given by most of these authors for this alveolar collapse, or measured reduction in FRC, is that there has been absorption collapse of alveoli as a result of gas trapping and the ready solubility of oxygen (Rahn and Farhi, 1963) . However, there do not appear to have been any measurements of residual volume (RV) under such conditions although, by inference from a number of these studies, RV should be decreased. Since previous studies had not studied RV specifically, it was thought important to confirm that there was a measurable decrease in RV as theory would suggest.
SUBJECTS AND METHODS

Subjects and procedure
Nineteen healthy non-trained volunteers, whose physical characteristics are listed in table I, were studied seated on an upright stool. The subjects did not in any way further obstruct their lung volumes. Arms rested at their sides and steadied the mouthpiece of the apparatus. For a respiratory profile, control measurements were made of vital capacity (VC), forced expired volume in 1 s (FEV,), FRC, expiratory reserve volume (ERV), RV, closing capacity (CC), percentage nitrogen increase per litre of expired gas (% N 2 inc), maximum expiratory flow at 25% vital capacity (MEF25%) and oxygen consumption (VO2) (table I).
The subjects then breathed 100% oxygen for 10 min from a non-rebreathing circuit. Then, whilst still breathing 100% oxygen at a constant tidal volume, they voluntarily decreased, for 5 min, their end-expiratory lung volume by a volume equal to their tidal volume as measured by a tracing from a strain-gauge plethysmograph recording of their lower thoracic diameter. At the completion of this 5 min the subjects allowed end-expiratory lung volume to return to normal and FRC was measured. Following this and before any deep breaths were taken, other lung volumes were measured with ERV being measured first from FRC and, second, from total lung capacity (TLC) as part of VC ( fig. 1 ). This gave two different measurements for residual volume: RV (FRC) and RV (TLC). Exhalation from FRC does not expand the chest before measuring the residual volume.
On completion of these studies the volunteer took several maximal inspirations breathing room air and FRC was measured again. The procedure is listed fully in table II.
Measurement of lung volumes
The circuitry is shown in diagrammatic form in figure 2. The apparatus volume was estimated, by 10 runs of a helium dilution technique, to be 9.014 ±0.062 litre (SD) by the method of Cotes (1968) using all the standard corrections for the helium meter readings with different oxygen concentrations (0.022% helium for 1.0% oxygen difference for the helium meter (Warren Collins) used in this study). Twenty-one different volunteers each had five replicate estimations of FRC with a withinreplicate SD of 0.097 litre. The greatest mean difference in the five replicates was 0.240 ± 0.140 litre and the smallest mean difference in the five replicates was 0.013 ±0.008 litre (table III) . The results were all corrected to BTPS, and were carried out with the minimum turn-around time required to flush and prime the apparatus. This time between separate FRC measurements was much less than that taken during the experimental runs.
Closing capacity and percentage nitrogen increase per litre were measured using the nitrogen indicator technique following a 100% oxygen inhalation using an ionization nitrogen meter and wedge spirometer. There was no measurable delay in the nitrogen meter reading. Closing volume was estimated by the straight line intersection of phase 3 and phase 4. One subject did not exhibit a phase 4. All other volumes were measured using a Wedge Spironmeter 570 (Med. Science) and a Riken Denshi X-Y Recorder (Plotter) Model D-8CP 8897. Table IV lists the individual results for the postoxygen breathing measurements and table V shows the means ± SD and statistical analyses for FRC, RV and ERV lung volumes. Table V shows a statistically significant decrease in RV after breathing 100% oxygen at a reduced lung voluihe, and a statistically significant decrease in FRC. Table Vl shows the means ± SD and statistical analyses for the FRC -CC calculations for those volunteers who showed a decrease in FRC after oxygen breathing compared with those who showed no alteration or an increase in FRC. There was no difference between these two groups.
RESULTS
DISCUSSION
These results are in agreement with the findings of Nunn and colleagues (1978) who used a similar technique for oxygen breathing at small lung volumes, and demonstrate that there is a measurable and statistically significant decrease in lung volumes after only a short time breathing oxygen with a small reduction in lung expansion. We have shown for the first time that residual volume is decreased, although this may be inferred from other studies. Although the mean decrease in residual volume was only 120 ml in a volume of approximately 1.5 litre (8% approximately) it was significant. As can be seen from figure 3, which demonstrates the percen- tage change in FRC, there was considerable variation and a decrease in FRC was not always shown, although overall there was a statistically significant decrease in FRC with this manoeuvre. This again agrees with the study by Nunn and co-workers (1978) who found some of their volunteers were more susceptible to oxygen-induced lung collapse than others. Such variation may depend on different V/0 distribution or be a result of the presence or absence of collateral ventilation (Henderson, Horsfield and dimming, 1969) . It may also be caused in part by the variability of the method for monitoring the decrease in breathing which used a strain-gauge plethysmograph over the lower thorax. This could lead to variation between subjects in the value of the reduced lung volume.
Although not all of the volunteers who showed a decrease in RV, experienced sharp chest pains on re-expansion of their lungs, a number did. This provides further evidence of the alveolar changes following this short period of oxygen breathing with restricted lung volumes.' Alveolar collapse has been reported previously following oxygen breathing at low lung volumes (Nunn et al., 1965; Burger and Macklem, 1966; Du Bois et al., 1966; Prys-Roberts et al., 1967) and with 100% oxygen (Rahnand Farhi 1963; Dery et al., 1965; Garfinkel and Fitzgerald, 1978) . It has also been demonstrated by Nunn and colleagues (1978) who used a breathing technique similar to that in this study.
A less likely possibility than alveolar collapse for the decrease in residual volume is that there was an increase in elastic recoil of the lung as has been shown in studies with chest strapping (Caro, Butler and Du Bois, 1960; Manco and Hyatt, 1975) . These authors did not find any statistically significant decrease in residual volume with chest strapping, although two other smaller studies did (Stubbs and Hyatt, 1972; Sybrecht, Garrett and Anthonisen, 1975) . When tidal volume was measured in these studies, it was decreased markedly by strapping. Douglas, Drummond and Sudlow (1981) did not find any decrease in residual volume in their comparison study of strapped chest breathing v. low lung volume breathing air. They also stated "we conclude that the effects of strapping described previously are caused solely by breathing at a low lung .volume".
These findings of a decrease in residual volume (present study) and of alveolar collapse (other studies) are of clinical significance, in particular for the recovery phase immediately after operation, when patients may be hypoventilating at a reduced FRC as a result of the persisting effects of general anaesthesia, partial neuromuscular blockade or pain, together with respiratory depression caused by narcotic administration. In many instances, these patients receive a high inspired oxygen mixture (60-70%) via a mask. They will almost certainly have been breathing an oxygen-nitrous oxide mixture which is as likely to have set the scene for collapse of the alveoli as did the 10-min oxygen breathing in this study, because nitrogen is replaced and nitrous oxide is readily absorbed from the alveoli (Webb and Nunn, 1967) . Although nitrous oxide will tend to expand temporarily the gas-filled spaces in the lung on recovery from anaesthesia, it will not affect previously collapsed areas. In addition, patients will often have received 100% oxygen for varying periods from 2 to 5min or more immediately before the cessation of the anaesthetic and this may have been associated with a period of hypoventilation at a reduced FRC. Such alveolar collapse with a decrease in residual volume could easily be the cause of the postoperative hypoxaemia so commonly observed in patients after general anaesthesia (Nunn and Payne, 1962; Morton and Baker, 1978) . There is a need to study further this phenomenon to see what additional quantities of nitrogen, or other inert gas, need to be added to oxygen to prevent this decrease in residual volume. If the level of nitrogen admixture can be ascertained then, perhaps, the addition of nitrogen (or other inert gas) to the anaesthetic gas mixture may relieve the hypoxaemia after operation. At present the literature is confused on the issue of whether or not air as the gas medium for anaesthesia prevents postoperative hypoxaemia. Some studies have found that added nitrogen was effective in preventing hypoxaemia (Dery et al., 1965; Browne et al., 1970) , whereas other studies have not demonstrated any benefit (Webb and Nunn, 1967; Wildsmith and Masson, 1974; Logan, Spence and Smith, 1977) . One possible reason for the difference may be that some patients may not be susceptible to the effects of oxygen whereas others may be, and the groups were not studied in great enough numbers to minimiT ype II statistical errors. Dale and Rahn (1952) first studied the effects of different concentrations of nitrogen in oxygen on the tendency of the lung to collapse. Subsequently, Green (1967) showed that 20% nitrogen in oxygen decreased this tendency to alveolar collapse whereas Ernsting (1963) recommended 40% nitrogen in oxygen. Dubois and colleagues (1966) showed that 5% nitrogen in oxygen prevented alveolar collapse in one subject at reduced ambient pressure ("5psi") whereas 2.5% nitrogen did not. Recently, Morrison and colleagues (1982) have shown that breathing air at a reduced lung volume produces a significant decrease of 1.5% in oxygen saturation which correlated closely with closing volume, although they did not postulate that alveolar collapse had occurred. Thus, there remains much to be studied in this area.
Once atelectasis has occurred greater forces must be exerted to re-open these collapsed alveoli (Levine and Johnson, 1965; Mead, Whittenberger and Radford, 1957) . In the period after operation this effort may not be possible, leading to prolonged atelectasis which in itself leads to even greater forces being required to reinflate the alveoli (Levine and Johnson, 1965) . Thus, it is important to prevent atelectasis occurring, if possible. Table VI shows no statistically significant difference for FRC -CC between subjects in whom FRC decreased following oxygen breathing and those in whom it did not. This would indicate that the volume of the closing capacity (and in particular its relationship to FRC) was not of importance in the development of the decrease in residual volume following oxygen breathing at restricted lung volumes in this study of young healthy subjects. If, however, the age range studied had been wider with a correspondingly greater range of closing capacity, then it is possible that a correlation may have been found.
It is postulated that such alveolar collapse occurs because of the effects of critical V/Q on the alveolar volume where the incoming alveolar gas flow is less than the outgoing, leading to loss of alveolar volume and ultimately collapse in alveoli with low V/Q relationships (Dantzker, Wagner and West, 1975) . Oxygen shifts the critical V/Q to greater ratios and thus would make the effects of any hypoventilation more likely to lead to alveolar collapse. Such a shift in V/Q ratios would also explain why some people were more susceptible to the effects of oxygen than others. Those who had a large number of alveoli with low ratios of 0.001-0.01 would be much more likely to develop atelectasis after oxygen breathing. Wagner and co-workers (1974) have shown that healthy older people do have a greater number of such alveoli so that this susceptibility to alveolar collapse is likely to increase with increasing age. Such a theory would also be in accord with more alveolar gas flow if there was collateral ventilation (Henderson, Horsfield and Cumming, 1969) which would allow some people to be more resistant to the effects of breathing 100% oxygen at restricted lung volumes. 
MODIFICATIONS DU VOLUME RESIDUEL APRES VENTILATION EN OXYGENE PUR
CAMBIOS EN EL VOLUMEN RESIDUAL DESPUES DE LA RESPIRACION DE OXIGENO
SUMARIO
Diecinueve voluntaries rcspiraban oxigeno al 100% por espacio de 10 minutos y, seguidamente, por otros 5 minutos a un volumen pulmonar restringido. El volumen residual (VR) mostro di»-minuir significativamente en 120 ml cuando se comparo con los valores de control de la respiracion de aire. La capacidad residual de caracter funcionaJ (CRF) tambien disminuyo dc forma signifies tiva por esta metodo. Otras mediciones indicaron que el volumen CRF menos la capacidad de cierre (CC) (CRF -CC) carecio de importancia en el aconteccr de la reducci6n del VR. Se postula que las disminuciones de tal volumen alveolar pueden contribuir a la hipoxia postoperativa y a la mortalidad.
